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CD72 JLFEF I NI & M AL ENE
AHIRERE RPN ERRIZ®

REFZD B BT

OXINRZE AR, 221 7300005 2 FRLABE ED MBI SR, 2B R 7 R K R sk g %, kst 100101)

WE CD72 & NEZEM B MR sz, U2 MEft sy o) UF e, a0 U b RIS T 8 Fpr )
CD72 BB DB A, X Lesy DB W & 2 PR R A T B, — RSPk s D)R &R T — A A & T(intronl), TfijiX 4
W TR PRl R 7 41 i IV USRI S A 8 7 BB, Sy — R T — AN TS T2 I 3 B DI s, AT AR
b, AL T ERAFKITGEHE, R4 37 AS (3" alternative splicing site). L T CD72 43 87471 JE R AE BALB/C /)M
FINZB/W /N ZE Rk, RIL: a. & A 37 AS DR AR IEHIR D b. WT,  +Inl, +Inl1-Ex3 FI-Ex3 [WKIA7E
BLAB/C /ML HEAE NZB/W /NPT &4 ITIM2 [F-Ex2-Ex3 BI04 NZB/W /N P 4 el i 0k . X sl gt LR
N, CD72 M2 AR By DB TE IR B M2 M5 57 Sl B P il RE R A RIIER, IF 5 R G0 PE L SO IR A0 35

IR,

KR EEMEEY), CD72, BNz, ABAUE, NZB/W /M

SRAHLE Q3 Q7. R3

fEJ3—4 BCR {55 RG24k, CD72 2&—
A CRUBERRFEM I R, DA B — R4k
T RIAATEBR K AN M LA T B 40 28 Y
thll. 7E CD72 M40 i st S N i i) — i 57— A
ITIM(immunoreceptor tyrosine-based inhibition motif)
SERJELATIM AT ITIM ZR{UF 71 (ITIM2) 2.

7E BCR {55 R4 CD72 )& —/MHitksr 7.4
BCR i@ #|Hi i, BCR {5 Sl CD72 MR KL
MAr, BEER1E, Jf%E4E SHP-1.CD72 [ ITIM1 A
ITIM2 A LAY SHP-1 ) C-SH2 FIl N-SH2 &85, %
75 PTP filf SXFEREAL I SHP-1 3l 5 A7 AE Tl 1 3F: 61t
W% BCR {55 75— 71, CD72 ¥ ITIM2 nJ LL 5
B LB 1 Grb2 454 LG Ras i 2% 9.
CD72 & ] 2wk M 55 SHP-1 73 &5 kA i3
1FAG 5 i Z % (semaphoring family) [ % 72 CD100
CLESEE CD72 [IRAREARS, &5 CD72 454 n
i L 2= B R A 9T 5 SHP-1 43 519, Pt CD72 75
BCR {55 R 40 i — /e AR 0 45 4 Tk J i
H, TAEBEOE S A D AR 1R AE 5 BR324

e/ CD72 5 4 FhEEA BERTE L, CD72°,

CD72% CD72¢ fil CD72¢. Hrp#E CD720 8 2Lk
IFFEET 4 Pk BEsg o) 0.

H 5 5 ME PO R 40P 40 BE ARG (SLE) 5 M
2R A PRI AW T B £ 4
HE, 5B A TE A SR AR OGBS ER, dn
CD22. SHP-1. BCMA #I BlyS/BAFF %, #{i\ N
5 SLE M RIFA IR RIGAHCHES . NZB/W /N 2
— M SLE B R, W] BAR A2 M AR R R P A
WA GPUE, JFE 6 HE I FFI BT RE
B 91 S 5 52 G AR AL B /N BRI 2 010,

TATH TAE ZZECE CDT2 BN X, M
BALB/C /] i1 50 RNA FF2r B %5 T 8 Flopi i
ERPEB DI, AT 2 N IR PR IE I (136 A
JrBt: —A & intronl, K 96 bp, ‘BRI
OB HEAS B P HE s 5 — Mg 3T AS, BT
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39 bp 1) intron3, HEHTLIEEADHE AEIX 8 FRET LI E
NPIEH 2 A EH exon2, XEEECNIKRAE
ITIM2, ANHEZEEE Grb2. FAl1ik— 25 W ] RT-PCR
M1k, e T BALB/C /)R NZB/W /s B BT
HRREEYIEAMRIE, AU 2R eI 2 Fh
B AR LA IR AN, 1 X e BT 9] 78 27
BCR {55538 i rh 4 A AN R ) f

1 MR57E

1.1 sh¥Fosret

NZB/W /N B H w50 K S5 sh ) 0
BALB/C /MU B B RL 27 B st 46 5 5 5 A9 2wk
¢ BT . pGEM-T Easy Vector Systems Al M-MLV
RTase kits JJ H Promega /A 7). DH5a 852 2541 i
I | Fastgen /v ). Trizol. DEPC. A4 EEfE & H
SO H Invitrogen A 7). SYBR G2kl H
mn e A ) AR S Y A AL 5z A

1.2 354
/N CD72, upperl: ATGGCTGACGCTATC-
ACGTATG, lower5: CAAATCCTGGTCCCCTC-

CTG, lowerd: GAGAAGGCCAAGCAAGAAGTA-
TT; /Ml B-actin, upperprimer: GGCTACAGCTT-
CACCACCAC, TAGGAGCCAGA-
GCAGTAATC.
1.3 FMEEFEUETIERNEE

BALB/C /)™ BB S04 ZE. i At 51 40 25 H A, 93
B gn LA 100 mg/L 5 Trizol 41, B 200 pl
RS, 0°C14 000 g #5015 min, Wk EIHEA
B, A 500 pl N EE, TR, -20CHCE
20 min, 0°C14 000 g &5 15 min, 7% Li&, Vil
H 70% L BESE 2 IR, ¥ T i & DEPC K 58413
I B VE AL A RNA K, B 2 wgH M-MLV
RTase 1 7 & X % 5% /3 cDNA. DLk cDNA 4 45
B, Upper 1 4 Fi#514), lower 4 Fil lower 5 4 F
We g | R & M e XU N (PCR). RNV AT
50 wl A& & 80~160 ng &t RNA Jx 15 511
cDNA, . FF5147 25 pmol. 94°C5 min; 94°C
30s, 55C30s, 72C30s 3t 35 AN ; 72°C
30 min(PTC-200 PCR amplifier, MJ Research Inc,
Waltham, MA).

PCR /=& 3 e B &t rik, H OMEGA gel
extraction kit Y] i [Fl W , &% AN pGEM-T Easy

lower primer:

Vector, % 1k N DHS5a /& %2 & 40 Me , I i
Invitrogen (Bioaisa) 2w BEAT I 7 7047 .
14 BERUEVIRANREST

BALB/C /) R NZB/W /s BRIP40 L RNA
LI LA & RT Je W v Ay, BL/N R B-actin 1)
LRSI, AR LR cDNA AR A PCR J
N, RMNZAEA: 94°C5 min; 94°C30s, 55°C30s,
72°C60 s 3L 25 AMIEFR; 72°C30 min. FEHILE 1.5%1%
CEEGLO R B IR I Fe kAT e =, DA E %
ANBE S ARG . DL B-actin RT-PCR Jz 3 A5 4 )
100 % 1) ¢cDNA Jy Biti , upper 1 4 LWF51 4,
lower 4 Fl lower 5 24 Fl#5|4), 5 B-actin RT-PCR
N PR 45 A A )4 RT-PCR. 774 7.5% 2 58 TR 445 1k
Jlz B RS HL UK, BA 110000 SYBR Gold 44, {r%k
AR, I Quantity One 73 BT 5440 BT 41>
Al IR EEAE],  Origin BAFAE K.

2 R

2.1 FREFMEYIR AT

535l exonl (1) _EJi# 514 upper 1 FI{E exon 4
(% B 5 IR X)) M2 exonS (4 6 i A1 X)) B 1 3 51 4
lower 4 I lower 5, UL BLAB/C /)N il [ 41 g 1
cDNA 4y PCR #ib, FATIFEREIH %2 T 8 M)
N CD72 JEFETE BT DB L. FRATTH upper 1 F
lower 4 152 7 5 v F%, H upper 1 Fl lower 5 73
T 104, AR T AT 5 o) BN R R 41
DNA J#41, FA1IA N BALB/C /i CD72 4£1E 12
NGRS DR, R SRS SIE
K1, Hoh 28 PCR A WT (B8 2
CD72 1) FE Z Py Re e L), 1M WT. -Ex3. -Ex4
FI-Ex3-Ex4 K CAnsg b g, JLRM 8 AN H
RILI.

XEGEPEPER DI MG T 3 FEA BT D) 7
e Ah 57k (exon skipping). 3’ 1%k M 8T 1)
(alternative 3’ splice sites) Al W 75 ¥ & ¥ (intron
retention)(}¥ 2 A& 3). FHrp—/MpEE 1 EY D) JE 0
ATLCR A 2 FCL e v 2, Wi +In14+3AS R
T 37 FE B DI N & FOR B ;s —Ex343AS K
T A8 A 37 e B E B U1 +Inl-Ex3 Al
+In1-Ex3-Ex4 XM T 42 7Bk F ) & 7R 8
M +In1 -Ex3-Ex4. -Ex3-Ex4. -Ex2-Ex3 #l1-Ex2
~Ex3- Ex4 kil T A LA E T
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+In1+3AS [ Exonl [ Tnwonl |  Exon2 | Exon3 [37As| Exond [Exon3 529 bp
+Inl [ Exonl | nwonl |  Exon2 [ Exon3 | Exond [Exon3 490 bp
+3AS [ Exonl | Exon2 | Exon3 [37AS[ Exon4 [Exon§ 433 bp
+In1-Ex3 [ Exonl | Tnwonl |  Exon2 [ Exond [Exon3 418 bp
WT # [ Exonl | Exon2 [ Exon3 [ Exond [Exon3 394 bp
-Ex3+3AS [ Exonl [ Exon2  37As| Exon4 [Exon§ 361 bp

+Inl-Ex3-Ex4 [ Exonl | Tntroni | _ Bxon2 _ [Exon3 328 bp

-Ex3 # [ Exonl | Exon2 | Exon4 [Exon§ 322 bp
-Ex4 # [ Exonl | Exon2 | Exon3 [Exon3 304 bp
-Ex3-Ex4 [ Exonl |  Exon2 [Exonj 222 bp
-Ex2-Ex3 [ Exonl | Exon4 [Exond 214 bp
_Ex2-Ex3-Ex4 124 bp

Fig. 1 All the alternative splicing forms found in CD72 of BALB/C mice
+Inl1, +3AS, WT, —Ex3+3AS and —-Ex2-Ex3 were amplified with upperl and lower4 primers. +Inl1+3AS,
+Inl, +3AS, +In1-Ex3, WT, +In1-Ex3-Ex4, —-Ex3, —-Ex4, -Ex3-Ex4 and -Ex2-Ex3-Ex4 were amplified
with upperl and lower5 primers. The four published forms are marked with “*” . The length of each

PCR product is listed on the right side.

Exon skipping )

N -

Intronl; ggt aag tcc tge ttg cte ccec cca cce cce att ata tte cac cce cac

¢G K s ¢ L L p P P P I I F H P H

tcc aca gaa cte att cca gac tcc gac ttt gga get ttt tee ttt cca
Alternative 3’ splice sites s T E L I P D S D F G A F S F P

=// T~ = 3" AS: gct tec agg age tga ctg cct atc atc cct gtc ccc taa
N ,:= e A S R S %= L P 1 I P VvV P

Intron retention Fig. 3 DNA sequences of CD72 intron insertions and the

translated protein sequences

g Intron 1 is 96 bp long and can be translated into 32 aa. No apparent function

domain can be found in the sequence. 3’ AS is 39 bp long and contains two
Fig. 2 The alternative splicing patterns found in CD72

of BALB/C mice

stop codons (shown as “*” ).

22 BANEIR KA BALB/C /)NRF1 NZB/W /)
RAMREES
FA15 3 A BALB/C /MR, 3 HIRCR AW 6

3" AS domain ] 55 1) £ 30 (+In1 +3AS. +3AS Fi
—Ex3+ 3AS) it &7 BALB/C /) it & 7F NZB/W
/NS AR B LG LA BY D) B 2D b, BIYITE A

JIE (WU 06 R 098) S 11 H i O FEWIBE) 1Y) NZB/W
/NN cDNA AR () B-actin - 5E B RIAR),
7F exonl _L1¥) upperl 4 L3i# 514, exon4 I exon5
1) Towerd H lower5 24 Fifif 514, i RT-PCR 73
s REEZRE 4. KI: a&H

+Inl. WT. +Inl-Ex3 F1—-Ex3 7E BALB/C /) il
MW AE NZB/W MR P 25 . £ 11 AR
NZB/W /)N A BY V) R +Inl1 +3AS1 4 JE 5 1 B
e
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(@) o / (b)
= NZB/W Upperl —»
= 3 6 11
é month month month ‘ Exonl [ Intronl Exon2 | Exon3 [37AS| Exon4 |Exon5‘
- - o
-acti
B-actin <+— Lower4
© o NZB/W
j 3 6 11
xm month month month
bp
+In1+3AS (@)
+Inl - : 4513(9) 120+
> 100
+3AS/+In1-Ex3 : w4 o § “
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-Ex3+3AS s w394 = 6ol
+In1-Ex3-Ex4 a =
-Ex3 - 328 = 40r .
2 - S &
—  -Ex¢ 20¢ I
oL 10 (R [ Uk vl |
_Ex3_Ex4-'.‘-....,ql QEEQEEEEE
i 222 % + @ i i i ] ]
—_ A %) ) )
i | (=] o =< » »
E a5 .
iy = o
- : 4
-Ex2-Ex3-Ex4
124
(e) Q NZB/W
A — =7
j 3 6 11
b m month month month
" bp ®
529 500 140
490 - 5 120
+nl43AS A= 2
433 e L 400 £ 100
+Inl -394 £ 80
Y S A o
e 225 e 8 ’ w2 e
322 s S oam =~ ™ 300 E 40
e  —[x3 20
_Ex343AS———— 4 I
= ] w; | b
222 ™~ - ot o B @ o 7
g 200 S 5§ F &4 = F 4 o4&
+ + A + ! S
= = e <
-Ex2-Ex3 3 T & w
124 '
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Fig. 4 Using RT-PCR to analyze the relative abundance of CD72 alternative splicing forms in BALB/C and NZB/W mice
(a) RT-PCR of total mRNA separated from spleen cells of BALB/C mouse and NZB/W mice of 3, 6 and 11 month old with 3-actin specific primers.
The PCR product was separated by electrophoresis on 1.5% agarose gel and stained with Ethidium Bromide. (b) Primers used in CD72 RT-PCR. (c)
RT-PCR amplifies CD72 mRNA with primers upper! and lower4 as illustrated in (b). The PCR products were separated by electrophoresis on 7.5%
polyacrylamide gel and stained with SYBR Gold. (d) Relative abundance of each alternative splicing forms was measured by dividing electrophoresis
band density of each CD72 RT-PCR products on (c) with the band density of corresponding 3-actin RT-PCR products on (a). [1: BALB/C; l: NZB/W
3 month; (J: NZB/W 6 month; Z: NZB/W 11 month. (¢) RT-PCR amplify CD72 mRNA with primers upperl and lower5 as illustrated in (b). (f)
Relative abundance of each alternative splicing forms was measured by dividing electrophoresis band density of each CD72 RT-PCR products on (e)

with the band density of corresponding B-actin RT-PCR products on (a). [0 : BALB/C; B : NZB/W 3 month; (J: NZB/W 6 month; %: NZB/W
11 month.
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3 it i

FAAE BALB/C /b U R I %€ T 8 i
(1) CD72 Mk FPEBI IR, I b CHRIER 4 F,
WA 12 Mz 2 (& 5). BATERILT) 8 ey KA
AN REANS T LR, RSN
T, WETHTAERERE AR, HFshEf
ZAYIERY, T CD72 MW &F 1 ANMERS 400
fith, AR B AR AT AR AN B L I SR AE . X —
GG R T A IERE R A7 AE, BTN &1 1 IR
BEA 2 EYFE . WET 1 it 32 4
S R U ITIML A1 ITIM2 43 JF 7, i ITIM1 A1
ITIM2 43 5 F1 SHP1 F1 Grb2 454 . FeAT T i Fil
fliAX CD72 e R WiE/ER .

X R, 3 MEy P 2 (+1Inl +
3AS. +3AS FI-Ex3+3AS)7E M A1 DX FT % JI5 X A 5t
W27, —HRE, eIt S s R R T4
Mo B ATTER S A ITIML AT ITIM2,  {H 2 3038 D14
ik & 42 BALB/C /NI 2 7E NZB/W /) [ 46
e b, AN K W] BEE L 5 1 52 AR 55 5 R 1)
55 FEARHEIEM.

5 b 3 MEgPE AL, AR 4 FhETD)
# X (+Inl —=Ex3 -Ex4. -Ex4. -Ex3-Ex4 Fl1-Ex2
~Ex3-Ex4) & M AN X AHEI & A g X, — HE
ik, ENTRER R M. T IX s o
ITIM, it 5 w9 PR A B 15 I 1 1 52 Ak 38 4 &5 5

SHP-1 5 / F1 Grb2. {H i T & A7 R, EATH ]
ReAb T LR ILRAS .

AT 5 P By ) QU RE A M A X AT 7 I X
(+In1. +In1-Ex3. WT. -Ex3 FI-Ex2-Ex3), I
WT J& CD72 M EZEhRe L, e 5 SHP-1 454
WA RS, 5 Grb2 fl/ 5k CD19 &5 4 R nf {4
BIEE Y. A@12e2 &A1 intronl [ 2 /N8
DI X +Inl Fl+Inl1-Ex3, LA P DX 45 501 48 (A
exon3)[f)—Ex3 7E BALB/C /)N Bl o (9 #% DU 8 176
NZB/W F1##5 DUEL. 1T ITIM2 [#-Ex2-Ex3 7&
NZB/W 1 (1) # UL %% = + 76 BALB/C, Jf 5
NZB/W /NG H 88 IEAH G

M4 BALB/C /)N BRI NZB/W /N Bl ) 50 758 2
M, BATAN: a. X F+Inl, KA T A2 HK
[ intronl, ITIM1 Al ITIM2 2 [a] (¥ ¥ 25 7 K,
It Grb2 5 ITIM2 ()45 & JCiE#H] SHP-1 5 1TIM1
ghfy, SHP-1 53R K A% Fuil i T RE (e e #04l); b,
X} F-Ex3, [ N¥AT exon3, ITIM2 BRI, &
5 Grb2 4562 240, 1 SHP-1 45 &A% 5%
Wi; c. +Inl-Ex3 % f exon3, Grb2 (454324044,
Z /) intronl, SHP-1 W] LLSE A 5 ITIM1 45
G RWEAER; d. %A exon3 I exon2 [ —Ex2
~Ex3, A[LLY SHP-1 454, (H454 00 B 2 40 i i
R, RA vl GEBLAS T PTP il i35 1L LA &% SHP-1
5N g G, sade ks SHP-1 (1) 67 i
PR PE (G2 1 ).

I.r'l A |"1 f,

|7

Il
8* ’a Ro ®
—-Ex2-Ex3
o I."' Y L ,-1 [-.I ."l Ir". .-/ :'I
O R A
—Ex3+3AS 50 | fI,JI i Dn Y 'D”’
3as CFGx g g Q 8 3
—-Ex2-Ex3-Ex4 O %
+In1+3A8 CDC (35 Ex3-Ex4 ¢l

+In1-Ex3-Ex4  -Ex4

Fig. 5 Structural models and possible cellular locolization of the 12 alternative splicing forms of CD72
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differentiation antigen defines a gene superfamily of receptors with
4 g:é: 'i,/t\, inverted membrane orientation. Proc Natl Acad Sci USA, 1989, 86

NEHEDR A I A I N 2R DR H st /T 4
R FREH , BOERRIA I R A E it i A
MTHIARS, 1T mRNA [ 38 FE 2 BT 42 2 7 2 e Ak
ZEARMFENHZ —, 5NN RAER
FEVIMRR, T IRIEREr: BT N LHIA B T34
SR T L DR 4R SE DR 20K 1 ) X R B )
T Re AN R AL

ot RGN R R RE WS TR, BULR
T SR e = A LR 2 B g8 S I [+ B e S 7= A= 1 2
B G35 N B AN O XA W e RN PEA
BERGM AN EEL I, B 4N 10 & 2 20U ™
KR, B 40 I 52 fow ik B b0 sk 55 ok A
BCR {15 5 H BRI Y B 41N 2. CD72 1EH
—A B 402 Ak, AN R B R AT 3G 0 A9
59 BCR {55 (1) 2 RO RenIdstk, ToSE 2k A il
F— NS, fEFRATH TAEh R BL CD72 A% H
IRZ PEBPEBI I, 45 & R RURE ENIED)
A& EBAFAEIR KA, [RII XORILAE SLE 5 4Y
BV ) R i (/N B, CD72 &R BT D) 2
P4 UL IR H D A AR R IR = e, i3kl
K, CD72 [4E-FIEY DI 2 AT e 2 5ol i A 48 5 A
%59 BCR {5 5 1 UhRE, Jf HAE SLE ()R k&
AFER . T3 ATH B B AE ) mRNA [k
W, R ERIE CD72 g AN I E—Fh, PRI ERAT]
ANFE X L BT Y] )5 XA 2 /DRI AE [F]— 20 B e [R] i A7
. AR B gt ¢D72 sy AR
], JE— b5 ey )8 X i shg e s 4R 7 5K,
XHFSY CD72 [IZhfe. SLE A9 LA K Bh g 5E R 41
SR AR ORI E L.
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Identification of Eight Novel Alternative Splicing Forms of
CD72 and Their Differential Expression in a Mouse Model of SLE’

ZHU lJie-Ying, TANG Jie™
("College of Life Science, Lanzhou University, Lanzhou 30000, China;
*National Laboratory of Biomacromolecules, Institute of Biophysics, The Chinese Academy of Sciences, Beijing 100101, China.)

Abstract CD72 is a B cell specific receptor that exists in multiple alternative splicing forms. Eight novel
alternative splicing forms of CD72 were identified from the spleenocytes of BALB/C mice. Two very unique
intron sequences were found in those alternative splicing forms. One kind of splicing variants retained the intronl
in the mRNA. This intron can be translated into 32 amino acid residues without changing the reading frame of the
whole proteins. Another kind of splicing variants used an alternative 3' splice site in intron 3(3'AS) which led to
premature termination of its encoded protein. The differential expression of the CD72 splicing variants were
compared in BALB/C and NZB/W mice that were at different stage of systematic lupus erythematosis (SLE)
disease development. It was found that 1) splicing forms containing 3'AS was rare in all samples examinated; 2)
splicing forms containing two ITIM domains and transmembrane domains were more abundant in BALB/C mice
than in NZB/W mice, even in some cases the two ITIM domains were separated by the intron 1; 3) a shorter
splicing form with both exon2 and exon3 missing was expressed highly in terminally diseased NZB/W mice.These

results suggested an important role of CD72 alternative splicing forms in B cell receptor signaling and in SLE.

Key words alternative splicing, CD72, B cell receptor, systematic lupus erythematosis(SLE), NZB/W mice

*This work was supported by a grant from The National Natural Science Foundation of China (30470364).
**Corresponding author. Tel: 86-10-64888447, E-mail: jtang@ibp.ac.cn
Received: March 12,2007  Accepted: April 9, 2007



